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5t7t^^i^ h)v^n. ^(T^T.^^ V )\^-km^^xv-^-W{n.^<^'k'm.vc-^m^-}i'^. m~ 

[0 0 0 2] 

. ]''yy°y- (Doppler) h )\y t LxmWl^ iH> o Z(D^^^ h J^Xli. J^.^m^ 

t5tl»$-ii-7t-9-r K -;' T'^-^^iJ' h;^ (Sub-Doppler) ^t#TV>-i,o <£ O i ^--Jf- 
[0 0 0 3] 

ly-^'-mi^^<0^^it(Dfztbiznm^i\^^1/t^^mhtiX^^^ [H. lalvitl 
e, M. Merimaa, E. Ikonen: Opt. Commun. 152, 182 (1998), S. Ohshima, Y. Nakadan, 
Y. Koga: IEEE J. Quantum Electron. QE-23, 473 (1987), U. Tanaka, T. Yabuzaki: Jp 
n. J. Appl. Phys. 33, 1614 (1997)] ^ tfz. mm.<7)S^^<DfztOliZm^RM^itmzX 

^mm\^ti^mw.=f' i^i^) ^i:mm-r^iimi}^^htix\^^:h [r. n. u, s. t. jia, d 

. Bloch, M. Ducloy: Opt. Commun. 146, 186 (1998)] o 
[0 0 0 4 1 

LT. tfzV'—^'-m^^^^^^^i>^m^j:mjtLX^E^iX^XoliZfj:^fZo tfz 
. a^OCs-b;!/ (-^m^^y^ (t)V(Dm^) 10-100// m) ^ffl v^^^— ^tf- 
i^^iti^ii^hiXX^^^ [S. Briaudeau, S. Saltiel, G. Nienhuis, D. Bloch, M. Duel 
oy: Phys. Rev. A 57, R3169 (1998)] o Hk^JX. M^^WM-^ )\^<^it^°y ^ ^' it. 

tLXMt>iX^:Lt-h^^hfiXyj^h [A. Izmailov: Opt. Spectrosc. 75, 25 (1994), M. 
Tachikawa, K. Fukuda, S. Hayashi, T. Kawamura: Jpn. J. Appl. Phys. 37, L1559 (l 
998)] o 

[0 0 0 51 

^fYy-zTy-'^ittLX. ^v^-t <7)-t v A (Cs) W.l-^it^> if 
^)Vi^:^(Dm^m^^i:Mmir^m^i)mhfiX\^^:h m^it. M. Otake, K. Fukuda, M 
. Tachikawa: Appl. Phys. B 74, 503 (2002) {m^^Xmi) ) o ^(OXWLXit. 

^m^^^tKx-Dxnhix^c %(D\h'i^<Dm.WLmm^:^^'> v)\^i)mm^ixx\^^^o - 

<D^'y^ ■ -fv-y^m^m^^iXii\ itm^izm^^tJV (M+-^ y yo.5-5mm) Xi> 

. itmmB.UKcmmm'^ (s/n) jt^-^x.. mwL^j:^mm-^-in^^t^^x^. u-^- 
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t , HU IS^'i-^*«^S! - -f - lb CO P - ^f" - Tfc ^ *° ^"^fe t n - ^^fc t iz^^m-t^ 
-■^f'-7fc55-iiJ^^5 (BS) HufE7°n-r^75s^;u^iijlt7t:f^<7)^?^JS^jij^i-^ 

-) mUl/tm:lii^mkiiiLfzy'^-yit<D^m. mmy°^ -y''it<D-:kW^Hn^. *° 

IE (1) i<ztim(Du--if-mi$.m.'^^it^m'(:^i>o 

hh±M (1) mE«ccoix--<f"-j^r^S5:^^'fk^g-e^^o 

(5) ^^f&B^om Lv^SlJ<0^;|«(i. HfiiE-fe>'H*ltC$t CiXi6yi:^#75^ -tv 

>> Air.T-T-^^±fS (1) nfe«ou--f-;^rS|{c$^<l:^m-e^^o 

(6) ■^^m<^^\<Dmn<DntL^^m<DW-M^t. mw^)^mzi^c^i^tz%^i)^. -t-> 
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$ 1^ - -If - ^ <7) - :^ T' ^ ^ 7' n - y :)lc ^ mi IE Rttt'c<^ -fe <^ ¥ ffi * A 1" ^ 
(Om \ <r>it^^^ (l^^X) a:, HftlBl/--9-'-7t5tfJ^^t- i ^9^"#J$i^/c^^9<^^-■^f- 
^T'^'S>*°>7'jt^H^^IERtt^O-t;^(^^ilM^c*A1-^f>:^6<0^2 c7)7fcf?^^ (l^^X) i: 

=^^L. ^fE^2 0^^^.tiii. «rfE*°>>^^Ot'-A#^lAtf^7ti6<7)^^#^ {VZ^ 
X) 7!)-'i>^±fE (1) HlBaoi'— »f-^^|!t^^<b^mT-^-5„ 
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1. 29, No. 149 ppo 97-115 (1983) >^ t^tcfeft^ ^ O ^ffl v^^ ^ <>: Ti^^t- § ^ o 
[0 0 171 
(ON/OFF^^) 

hho ON/OF F^^h L-c{±. 7lc<7)F;f^c»B#F^p^PiT:ig^r tfio-c^ .2. ^><7)-e^rL{f 

F^Fit:-7t^^Si-^^m^fflv^T^>^v-o jt^^a LTf±l. 5kH 

[0 0 181 

-tho ^fz. %2<DX2y ^ y{ym^^^i. HuieO N / O F F fb , ^^y^itifWM^ 

imMn (0!ix.(fiii2 (a) ) . h^^y-fimm.n m7L\tm2 (b) ) (7)4><7)tc:^-ttT 

. ^^hcom^T.^'!; (ji?&m#SiJ>^^i^ ; ^Ji-ff. 1112 (c) ) ^*i6>5.o 
[0 0 191 

^ris. n .y >liipii^tt4. n .y ^ >^ai?:fflv^'2)liiPI?l<^C ^ o u -j ^ y{ y 

[0 0 2 01 

{y ^- Ky<y ^#^) 
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. tir. -t v-^ Al^i^(7)F=4— F' =3;t53N F=4— F' =4fiK5tt ;'w(±F=4-*F' =5>S55-^n 7 
•r^o >l<7)1?iJ-e(±fS-^?^Jg7)^~0 <t ^^-Sf|S{5:<7)llig<7)^it75^ibF=4— F' =4^^<!;F=4^F' =5 
^5t^n y^liMi: L-C#tw^{?i L<ffl</^^:: tTj^T-^^o -^Ux-ff. F=4— F' =5^3t^D 

[0 0 2 1 1 
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[0 0 2 31 

TM -e5t#J $ ti Tt: *° y y'itt^ y'u- ^ ^it-miX ^fttz-t )V [z^X-f i> AXfl 

^vSL. ■yu-y'it<D-^m^m-^^n^mi<^~^^^m-^mnj:mt. on/off 
¥^ i 0 . -^mm X *° y^it^^ )v [z wM-f z> /wM L ^ >^ It i9 ii L . ^(ommt 

WJim t , mtim 2 (D-^xuid-m^m^Jin i^zx^m^^tLfzy-u- r^(D->xm.mn^ 

[0 0 2 4 ] 

mmm i ) 

mite, ECDL {^U^m^m^^ :^-Y\^-'^-) 2 KDmm.Wi'tc^itir^tztb 
<7)^M(7)^J^7F-ro -fc;^2 2 ^: LTRMB (li:@3 cm) . 3 mm<7)/NM W ^ ( 
^^i^M) iiy7.X^hfitzCsm%'^)^^m^^fzo -t;Ki. ft$7)^'0. 5. K 2. 5 
. 1 0 mmco 5® i9 <^^><7)^>S^LfCo C s i^T-«OSJS(i. ^fitrlt 3 X 1 0 ' ° 'fS/c 

o ECDL (Newfocus6226) (i. C s 2 ^0^5 < 8 5 2 n m-CHH-r -i) 
o 500kHz (50ms) O^M^ipSti. iim^i^ (P Z T) ^-^tf miEli^tf 2 3 

P Z T mm ^ ^^Mi- - <t tc J: o TiiS L fJo 
[0 0 2 5] 

l/--f-:7t^, 5t7-r V l^-^ 2 4 ^iii§$-<i:, BS y 9 -) 2 5 J: 

19 2 o<7)ei^-.^-iijL/::o >T-:^<7)^(±> -n<D\yyX3 7 xW:izLfzmz^ mm^^h-t)u 

fp'L^UirmmLfZa zTti-zTit^mii^ 2 0 ju^y cm- Xiy^fZo if^:^mM<OKm\,Z 
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^ff^iEJl3ift-^^t#>S./«:i6tc. 7°n-7-^^^j^ii^S4^fg:*l#7t1^:.^l? (N e w f o c 
u s 2 0 0 1 ) 2 6 ^#..*:^-^^?-t±-/::o ll?JiLp^lff 2 7 J: 19 ^ > v ^ i> v a >mvE^ 1 

^ ^ {yy-f) #i (2 8) oj&Jtjij©^ ^ ;u^<7)B#^i^(±, ioO;«s-c-*o 

^(±. 1. 5 k H z -e^o/Co 112 c {C, u y^^ymm^#2 (3 0) 75-^0-^^^^-^ 
^^-To n .y^-f >liips§|<7)B#^i5:(i3msT-*o;^Co El 2 c o^IM 

m^^wMm-^tLxi^m-r^h^tizi.^mwmm'i^'^^-i^^^y^x^fzo ai;^^. m 

/Co 

tf 3 4 (iT-r-iJ^-^'-t:*) 0> ^^JS^fim-T^o 121 1 4'. 3 5. ;Rr/3 6l±, 
[0 0 2 71 

~^mz^ v-^-^m(omm.WS^'m.mt. I^i::^ft-e$^'fb$^xfc2-b y ho^--'f 

[0 0 2 8 1 
[0 0 2 91 

-r^tc. Qi±^^i^#giJ<7)fci6tc-(5gffi$tL^^i!*cO|^$^^1-i^i5: (Qii) -eab^o S/N 
{±^ll^-^<7)M-^*t$i^ifcT-ab <9 . r fi^J^-fbBfPBl-e*)-!) [H. Talvitie, M. Merimaa, E 
. Ikonen: Opt. Commun. 152, 182 (1998)] o MMM-^<7) ^ ^ >lpS7i>«^ < ^ ^ t5 t^Q-ftli 

m<^y ^ yWi^in:.i)^^o m'ikWi'^^itKii-thmiM^£'^)\^&'kn.^\>iZ>tzi!bhz^ ay^-i 
y^^Hi^fifzT.^^ h ^ ymts/n^Wl^Lfzo 

[0 0 3 01 

msiz^ mmm-^-y^y<m<o-b)i^^i^zn-r^m^\ii7r^-ro >iti5(i-^®5tfi-f-oif 
M^i^^mh'^^fzib. t)vm<omi}aizw\^^jj:<^j:^o ^^mm{zm^^*tfzm.T-:b^F=4 

-*¥' =5m^liZ3EI,z^^-ti>fztf>. -?-<7>-»f r K-y ^7-;^^^' h;KiF=4^F' =4m^J:^ 
iiMWiX^^i M. Otake. K. Fukuda. M. Tachikawa: Appl. Phys. B 74 , 503 (2002)]o 
[ 0 0 3 1 1 

lil4tc-^'053-«-^OS/N<7)-fe;bSl^*t1--i)^#14^^-ro S/N(±. ->XW^^m-^iziiif:h 

m^mmxm hixtz\^-^ mm.m izx^x^^hti^^. mm^fifzsmt-t )vmm mtx 

i^inLTv^-So L*^L^7&*<b. 10mm-t;l/(^S/Nfi5mm-b;K^-ettJ: iJ/h^v^o ^}^^^^ 
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[0 0 3 2] 
[0 0 3 3] 

lx--if-(±F=4— F' =4^57'-\n y i> 'tlfc:^{iF=4-*F' =5^33'^n y If- Vm 

y^i^250MH z^^CtZo *° > r?t5iJ^ li 1 . 3mW/cm- "C ^ "9 ^ - <7) h ^ F=4— F' =A^^(D ^ ^ 

[ 0 0 3 4 1 

¥J^f PbI Ti^^o. 5t>J':iL±-e-9- - - y m; o riHrsm^^j^^noi^ ^5: l iooi§ 
¥mi:B#r^tc*j-r^M^fi=S: (i) trj: oTM^tL^o llI6tc^$tL^^-^^^^JS y 

[0 0 3 5] 

y ^x^?5^ seat) -Tab va-y h y ^xtc j; oTif^$ti^;grSi5:^U(±. aWtIc?^]^^ 

[0 0 3 61 

-^<7)^SiliS7i^^-K>7°^5^Slc^t LTXn y h$nT»/^^o F=4^F' =4j3g:S^<!:F=4^F' =5^:9- 

oM:^t ^*->X^?^j^iz*tL#P3i3ii]!jnLTv^^o f=4— f' =4^^ir^-r^ft^f±, F= 

TO J: 9 t-IfeB^?tL^o V-^-m'(mLifiY=\-*Y' =5*R*^t;i5v>t F=4— F' =4il# 

•9-*-^?&^7!>^=4^F' =4^StCi5v^i:§ J; T o <!: < '5. [ M. Otake. K. Fukuda. 
M. Tachikawa: Appl. Phys. B 74. 503 (2002)]o 500// W/cm^ JiJ.T t 9 XtIc^ 

[0 0 3 71 
[0 0 3 81 

tg!^BRlR^^tCj3(/^T. F=4-*F' =4 (AF=0) F=4— F' =3il#tF=4^F* =5M 
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[0 0 3 9] 

K y y-7-)A7i^ f9 iZX^y<y i:^ ^' y y V B < tzi^ ^ ^^Mitit^ a ,y J; >5> 
on-offn y i^^' y^tB^^Tofco ^^ttSomi^iic:$5->^lj<7)afO{4. J®T-t -t;K7))«Mi: <7) 

mm<7)-t;i/, 200 m/ s <7)lf,^^i:'{i25;t/ 4^ -So t^^o TM^^^Jilil+kHzOon-off'^P^ 

[0 0 4 01 

lIov^T. -XMl M. Otake, K. Fukuda, M. Tachikawa: Appl. Phys. B 74, 503 (2002)] 

<7)jglv^m<7)n y ^ *V y h (±*q|pf J: >9 SOkHzifi: < . F=4^F' =5^53-0 0 y ^ V 

{4740kHzf6:V^ t 9 ^:i:75^1# h ixfzo 
[0 0 4 1 1 

H^^^#-^{±, >ili5f±*< ^>l>^^'S/N(i/iN$ < ^>i)[A. Izmailov, K. Fukuda, M. K 

inoshita, M. Tachikawa: Laser Phys., in press. ]o ^jo <£ <7H.^t^:57Mt-^<7)Q 

3i&:^i < /io X^ii-X^taifh. H^®:g-^i^<7)S/N{4-^®:aSt-^O-e:h,(7)i/40li^o 
;t:o Mlv^^^^^tt^t cT(±, ^^3;y/N*-lcJ:-2)on-offo-y^'-^>;^aJt3J:-2)— .^^^ 

[0 0 4 2 1 

(4, -#fi.v^JirSi5:^^J8(±5mmc7)-tr;^:R^j$fflL7tt i^l^tf^tLTto «JK20A/W/cm2 
9-*R*^l±100,aW/cm- tv^^7&^^l9giv^*°>y^§iJ^-C-$x.. l±o^ ^ hm%^Mzo 

[M*±0¥iJfflpTBg1±l 
[0 0 4 3 1 

[HMcoffi^^mH^i 

[0 0 4 41 

[mil HI ECDL^$^'fti-'5>^c<6<7>^g^^-ro 

[III2I IgI2{4n y >iiilii§|#l7!)-i^cOCsD2^coi3gJjX;^^i5' h ^KT)-.^^'^^-^^-^^ 

m-to m2(a)ii^°yyiti)^omt^. 1112(b) ^"^ti^wo t §o^>o-e^^o 

-t;l/Og${41mm-C-*)'2)o |gl2(c)li. u y ^7 4 ym<f^^#2^^h<7)lht}-C$)^ . ■t<7) 

ims] msii. mmi^tLfzm^m-^<oy-(y^s<D-t)umzH-r^m^\^im'ro m 

At4F=4— F' =4f&^m(r>r-^^mL. eAf4F=4— F' =5BK5tffl<7)T-'- ^ ^^-To 

[1114 1 (14(4. PMM-^<7)S/N<7)-t;i/^H^+i-^^^14^^-ro ll^(4F=4-*F' =4^ 
1&m<Dr-i$' ^:mL. eA(4F=4— F' =5fi£^^fflOT-'- ^ ^-ft^o 

[lasi 111514, y^ >miisAi<7)itm<o-t)vmizn-r^i&^\kim-ro iia{4f=4^f 
' =4^»m(or-^^mL. eA(4F=4-F' =5^^m<or-i!^im-ro 
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<7)j^r^^^^<L$:}x7t p-^f-o-en^^-To fii^^(iaiifi-)ffl^$r^-ro *^f±v3 
•y h / -rx 'J ^ 7 h ^^1-0 

[nisi llI8liCsD2^.(^nSi|X;^^^ h ;K7)— ^»53Mt^^7i^-ro [18a(±^-t 

^°>zf±^miimio<Dm^ti>m/uWcm^X-^^o CU C2. C3{±-?-a-?"ix. F=4^F' 
=3<!:F' =4<Dn. F=4— F' =3tF' =50M^ F=4-^F' =4tF' =5<DMiiZ X ^ ^ u - 
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